Background
==========

Many factors, such as intracellular signaling molecules and extracellular components, including cytokines, extracellular matrix and neurotransmitters, may affect cancer \[[@b1-medscimonit-24-5422],[@b2-medscimonit-24-5422]\]. Monoamine oxidases (MAOs) are enzymes that catalyze the degradation of different monoamines by oxidative deamination. During this process, hydrogen peroxide, a major source of reactive oxygen species (ROS), is formed as a side-product \[[@b3-medscimonit-24-5422]\]. ROS can predispose cellular DNA to damage and cause tumor initiation and progression \[[@b4-medscimonit-24-5422]\]. Two isoenzymes, MAO-A and MAO-B, have been identified in mammals. Both are present on the outer mitochondrial membrane, but each isoenzyme has different substrate and inhibitor sensitivities. For example, MAO-A is involved in degradation of neurotransmitters such as serotonin and noradrenaline, while MAO-B predominantly catalyzes degradation of β-phenylethylamine. Dopamine is a common substrate for both isoenzymes \[[@b5-medscimonit-24-5422]\].

In the human brain, isoenzyme A is found in catecholaminergic neurons while isoenzyme B is preferentially placed in glia and astrocytes \[[@b6-medscimonit-24-5422]\]. These different localizations suggest that the 2 isoforms have different physiological functions. MAOs are related to psychiatric and neurological disorders, such as depression and Parkinson disease, respectively \[[@b7-medscimonit-24-5422]\]. Among other roles, both MAO-A and MAO-B are major enzyme systems involved in the oxidative metabolism of xenobiotics, dietary amines, and drugs \[[@b8-medscimonit-24-5422]\].

Recent evidence suggests a correlation between elevated MAO-A expression and high-grade renal cell carcinoma (RCC). The percentage of MAO-A positive samples progressively increases from 9% in grade 2 to 45% in grade 3. Moreover, high levels of MAO-A immunoreactivity in epithelial cells of proximal tubules in normal renal tissue has also been noted \[[@b9-medscimonit-24-5422]\]. Thus, MAO-A inhibitors, which have served as antidepressants for many years, could have a new therapeutic role in reducing tumor growth \[[@b10-medscimonit-24-5422]\] and/or protecting an organism from metastatic dissemination \[[@b11-medscimonit-24-5422]\].

On the other hand, studies on MAO-B have focused mostly on its role in the central nervous system and in the development of neurodegenerative diseases \[[@b12-medscimonit-24-5422]\]. Although MAO-B is also known to be expressed in renal tissues \[[@b13-medscimonit-24-5422]\], its function in kidneys or the clinical implication of its expression in renal cancer have not been determined. To fill this gap, we decided to conduct research in this area; thus, the present study focused on immunohistochemical evaluation of the MAO-B in renal cancer.

Material and Methods
====================

Patients
--------

The Ethics Committee at the Šafárik University approved this research project, which conforms to the provision of the Declaration of Helsinki. In our work, we used 63 samples of different human RCC. Our results were compared to basic clinical and histopathological parameters such as histopathological type and tumor grade. We also compared MAO-B expression between normal and tumor tissue samples. Formalin-fixed and paraffin-embedded tissues were retrieved with informed consent from archive sources at the Department of Pathology, Pasteur Faculty Hospital, Košice, Slovak Republic. Patient and tumor characteristics are summarized in [Table 1](#t1-medscimonit-24-5422){ref-type="table"}. RCC samples were divided according to the histopathological type into 2 groups: conventional type RCC (clear cell type) group, n=51 samples; and a group of other RCC types (5 papillary types, 3 chromophobe, 1 sarcomatoid, 1 multilocular cystic, and 2 unclassified), n=12 samples.

Immunohistochemical detection of MAO-B
--------------------------------------

For MAO-B immunohistochemical detection, goat polyclonal primary antibody (B, LS-B2871, Biosciences) was used. After dewaxing, 3-mm sections were washed in phosphate-buffered saline containing 0.05% Tween-20 (PBS-Tw, pH 7.6). Subsequently, the sections were treated by 0.3% H~2~O~2~ in methanol for 10 minutes at room temperature (RT) to reduce endogenous peroxidase activity. The process continued with blocking nonspecific staining with normal blocking serum (1.5% blocking serum in PBS) for 30 minutes at RT, and primary antibody was applied overnight in humidified chamber at 4°C. After rinsing in PBS-Tw, the sections were subsequently incubated with the secondary antibody (ABC Staining System, Santa Cruz Biotechnology, Inc.) for 30 minutes at RT. The slides were washed with PBS-Tw, and the enzyme was visualized with 3.3′-diaminobenzidine tetrahydrochloride (DAB). Slides were counterstained with hematoxylin, washed in tap water, dried, mounted, and cover slipped. The I\\immunohistochemical procedure was controlled by replacing primary antibody with PBS-Tw.

The results of the immunohistochemical staining were evaluated using light microscopy, as was described previously \[[@b14-medscimonit-24-5422]\]. Briefly, the quantitative analysis of MAO-B in kidney cancer tissues was performed using ImageJ software accompanied by IHC profiler plugin developed by Varghese et al. \[[@b15-medscimonit-24-5422]\]. Images from random fields were captured at 40× magnification using a camera (Leica ICC50 HD) attached to a light microscope (Leica DM500), and software determined the score semi-quantitatively as negative, low positive, positive, or high positive.

Results
=======

MAO-B was detected in glomeruli of a healthy kidneys, predominantly in tubules ([Figure 1](#f1-medscimonit-24-5422){ref-type="fig"}). Details describing MAO-B expression in RCC are illustrated in [Table 2](#t2-medscimonit-24-5422){ref-type="table"}. Twelve tissue samples (19.05%) were MAO-B positive ([Figure 2](#f2-medscimonit-24-5422){ref-type="fig"}) and 51 tissue samples (80.95%) were MAO-B negative ([Figure 3](#f3-medscimonit-24-5422){ref-type="fig"}). MAO-B was detected only in cytoplasm of cells, and no nuclear reaction for MAO-B protein was observed in any of analyzed specimens.

We did not find any significant correlation between the percentage of MAO-B positive tumor samples and nuclear grade in RCC. Linear regression formula describing such relation is y=1.59x+13.09, r^2^=0.89. Overall, 15.60% of samples were MAO-B positive in grade 2 while 18.18% of samples were MAO-B positive in grade 3. From this equation, only a nonsignificant moderate increment in the number of MAO-B positive samples was detected. The value of MAO-B reactive samples was kept at approximately the same level, regardless of nuclear grade of RCC ([Figure 4](#f4-medscimonit-24-5422){ref-type="fig"}). Additionally, Fisher's test did not reveal any significant difference in the numbers of positive and negative MAO-B samples between RCC clear cell type and other RCC types of renal cancers (*P*\>0.05, *P*=1).

Discussion
==========

The primary finding of our study was that MAO-B occurred only in 19% of kidney tumors and that the positivity of protein expression was low. We did not find any significant correlation between percentage of MAO-B positive tumor samples and nuclear grade in both RCC clear type and other RCC types. Moreover, our study did not reveal a significant difference in the number of positive and negative MAO-B samples in different types of renal cancers.

MAO activity in the kidney is among the highest \[[@b16-medscimonit-24-5422],[@b17-medscimonit-24-5422]\]. In humans, both MAO-A and MAO-B have been detected in the renal cortex and medulla \[[@b18-medscimonit-24-5422]\]. Proximal tubule cells are the main source of dopamine that are synthesized from circulating and/or filtered L-DOPA, a direct precursor of dopamine \[[@b19-medscimonit-24-5422]\]. It is known that dopamine is one of the major factors regulating sodium re-absorption in the renal proximal tubule \[[@b20-medscimonit-24-5422],[@b21-medscimonit-24-5422]\], and MAO-A, not MAO-B, has been detected as the predominant enzyme involved in the deamination of this natriuretic neurotransmitter in the kidney \[[@b22-medscimonit-24-5422]\].

In addition to their role in the control of substrate availability, MAOs may participate in the regulation of renal cell functions through the generation of hydrogen peroxide. It has been shown that in intact rat renal proximal tubule cells, hydrogen peroxide produced by MAO-B during dopamine and tyramine degradation induces sequential extracellular signal-regulated kinase ERK activation and cell proliferation \[[@b23-medscimonit-24-5422]\]. These data suggest that monoamine oxidases may play a critical role in the regulation of cell growth and repair processes, and they may also be involved in proliferative diseases in the kidney.

The relationship between MAO-B and cancers has rarely been mentioned. For example, in oral cancer tissue, unlike adjacent noncancerous tissue, the protein expression of the MAO-B gene exhibits downregulation, and this performance is consistent with decreased MAO-B mRNA levels \[[@b24-medscimonit-24-5422]\]. On the other hand, the mRNA and protein expressions of MAO-B are higher in non-small cell lung cancer (NSCLC) cells than in normal lung cells. MAO-B further increases dose-dependently by ionizing radiation, and it is responsible for increased radioresistance of lung cancer cells. From this perspective, application of MAO-B inhibitors could be a new promising treatment for radioresistant lung cancer \[[@b25-medscimonit-24-5422]\]. Similarly, the levels of MAO-B are, on average, 8 times higher in gliomas than in control tissue \[[@b26-medscimonit-24-5422]\] and MAO-B levels correlate with glioma tumor grade \[[@b27-medscimonit-24-5422]\]. Human gliomas exhibit significant and selective increases in MAO-B activity compared to other types of common brain tumors, such as meningiomas or non-tumor-bearing brain tissues \[[@b28-medscimonit-24-5422]\]. This characteristic presents a distinct opportunity for rational drug design, using MAO-B as a catalyst for converting a non-toxic pro-drug into a mature chemotherapeutic \[[@b27-medscimonit-24-5422]\].

In general, MAO-B generates hydrogen peroxide. High basal rates of ROS generation, mostly hydrogen peroxide, were also found in gliomas. MAO-B increases peroxide levels, peroxide facilitates the repression of transcription factor Sp3 and Sp1 upregulation, and these events ultimately increase MAO-B expression. A very similar function of MAO-A in prostate cancer has been recently suggested. It was found that MAO-A generated H~2~O~2~ to induce proliferation, invasiveness, and metastasis of prostate cancer cells \[[@b29-medscimonit-24-5422]\]. Subsequent experiments should try to examine whether there is a correlation between MAO-B expression and levels of ROS in renal cancer.

Conclusions
===========

Data suggest that MAO-B expression decreased in several cancer types while in other specific types, MAO-B expression increased, which has possible therapeutic implications in MAO-B inhibitors administration. From our results, it was clear that renal cancers belong to the first group, where elevated MAO-B expression plays no significant role in pathogenesis of this disease, probably because in the kidney, MAO-A is the more active enzyme that probably plays a more important role in physiological conditions compared to MAO-B. A significant correlation between elevated MAO-A expression and high-grade tumors of RCC confirms this finding \[[@b9-medscimonit-24-5422]\]. On the other hand, no such correlation exists between renal cancers and MAO-B, as was demonstrated in our study. To our knowledge, this is the first study on MAO-B expression and renal cell cancer.
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###### 

Characteristic of 63 patients with renal cell carcinoma.

  ----------------------------- ------------------------- ------------
  No. of patients               (n=63)                    
  Sex                           Female                    26 (41%)
  Male                          37 (59%)                  
  Age                           ≤50                       12 (19%)
  ≥51                           51 (81%)                  
  Histopathological type        RCC -- clear--cell type   51 (81%)
  RCC -- papillary type         5 (8%)                    
  RCC -- chromophobe type       3 (5%)                    
  RCC -- multiloc.cystic type   1 (1.50%)                 
  RCC -- sarcomatoid type       1 (1.50%)                 
  RCC -- unclassified type      2 (3%)                    
  Grade                         1                         20 (32%)
  2                             32 (51%)                  
  3                             11 (17%)                  
  MAO-B expression              Positive                  9 (14.20%)
  Negative                      54 (85.80%)               
  ----------------------------- ------------------------- ------------

###### 

MAO-B expression in samples of renal cell carcinoma (RCC). Fisher's test did not reveal any significant difference in numbers of positive and negative MAO-B samples from different RCC types.

                                 Negative      Low positive   Positive   High positive   Fisher's test
  ------------------------------ ------------- -------------- ---------- --------------- ---------------
  RCC -- clear-cell type, n=51   41 (80.40%)   10 (19.60%)    0 (0%)     0 (0%)          p\>0.05
  RCC -- other types, n=12       10 (83.33%)   2 (16.67%)     0 (0%)     0 (0%)          
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